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(54) AIRFOIL AND CORRESPONDING METHOD OF FORMING

(57) An airfoil (100) having an overlapping herring-
bone filmhole pattern (52) is disclosed. For instance, the
airfoil (100) may have filmholes arranged in filmrows (55),
each filmrow (55) divided into groups of filmholes. A first
group may be oriented to direct cooling air generally ra-
dially outward over a surface of the airfoil (100) and a
second group may be oriented to direct cooling air gen-
erally radially inward over a surface of the airfoil (100).
Between the first group and the second group of filmholes
in each filmrow (55), a transition region (110) exists. A
transition region filmrow group (95) may be disposed
within the transition region (110) and may be co-linear
with or staggered relative to the first group and/or the
second group. In this manner, the transition region film-
row group (95) enhances the effectiveness of the cooling
proximate to the transition region (110).
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Description

FIELD

[0001] The present disclosure relates generally to air-
foils for gas turbine engine, and more specifically, to an
airfoil having an overlapping herringbone filmhole pat-
tern.

BACKGROUND

[0002] In a gas turbine engine, rotor and/or stator air-
foils have filmholes in their surfaces to allow cooling air
to pass from cavities inside the airfoil and out through
the filmholes, cooling the airfoil. Groups of filmholes may
point in different directions. However, because the film-
holes point in different directions, areas of the airfoil may
not receive cooling air. Such areas may be insufficiently
cooled and subject to early wear and/or failure.

SUMMARY

[0003] An airfoil is disclosed. The airfoil may include
an overlapping herringbone filmhole pattern, wherein the
overlapping herringbone filmhole pattern has a first film-
row including a first radially outward facing portion, a first
radially inward facing portion, a first transition region, and
a first transition region filmhole group. The first radially
outward portion may include filmholes oriented to direct
cooling air leaving the filmholes radially outward of an
engine central longitudinal axis and over a surface of the
airfoil. The first radially inward facing portion may include
filmholes oriented to direct cooling air leaving the film-
holes radially inward toward the engine central longitu-
dinal axis and over the surface of the airfoil. The first
transition region may include a first region at least one
of equidistant from distal ends, and centered relative to
mesial ends, or radially overlapping the mesial ends of
the first radially outward facing portion and the first radi-
ally inward facing portion. The first transition region film-
hole group may be located in the first transition region,
wherein the first transition region filmhole group includes
filmholes oriented to direct cooling air leaving the film-
holes one of radially outward or radially inward relative
to the engine central longitudinal axis and over the sur-
face of the airfoil. The first transition region filmhole group
may be collinear with the first radially outward facing por-
tion. The first transition region filmhole group may be col-
linear with the first radially inward facing portion. The first
transition region filmhole group may be proximate to the
first radially inward and first radially outward facing por-
tion and centered about the mesial ends of the first radi-
ally outward facing portion and the first radially inward
facing portion.
[0004] In various embodiments, a first radially outward
facing portion group alignment line is defined through a
center of each filmhole of the first radially outward facing
portion, a first radially inward facing portion group align-

ment line is defined through a center of each filmhole of
the first radially inward facing portion, and a first transition
region filmhole group alignment line is defined through a
center of each filmhole of the first transition region film-
hole group. The first radially inward facing portion group
alignment line is at least one of parallel to and concentric
with the first radially outward facing portion group align-
ment line, and the first transition region filmhole group
alignment line is coincident with the first radially inward
facing portion group alignment line and is at least one of
parallel to and concentric with the first radially outward
facing portion group alignment line. In various embodi-
ments, the first transition region filmhole group alignment
line is coincident with the first radially outward facing por-
tion group alignment line and is at least one of parallel
to and concentric with the first radially inward facing por-
tion group alignment line. In various embodiments, the
first transition region filmhole group alignment line is par-
allel with the first radially outward facing portion group
alignment line and is at least one of parallel to and con-
centric with the first radially inward facing portion group
alignment line. The airfoil may be a stator vane. The airfoil
may be a rotor blade.
[0005] From another aspect, another airfoil is dis-
closed. The airfoil includes an overlapping herringbone
filmhole pattern, the overlapping herringbone filmhole
pattern having a plurality of filmrows, each filmrow includ-
ing a radially inward facing portion, a radially outward
facing portion, and a transition region filmhole group that
is collinear with at least one of the radially outward facing
portion and the radially inward facing portion.
[0006] Although not presently claimed, the Applicant
explicitly reserves the right to claim this airfoil independ-
ently, either in the present application or a divisional
thereof.
[0007] Additionally, the radially outward facing portion
may be staggered relative to the radially inward facing
portion.
[0008] Additionally or alternatively a radially outward
facing portion group alignment line may be defined
through a center of each filmhole of the radially outward
facing portion, a radially inward facing portion group
alignment line may be defined through a center of each
filmhole of the radially inward facing portion, and a tran-
sition region filmhole group alignment line may be defined
through a center of each filmhole of the transition region
filmhole group. The radially inward facing portion group
alignment line may be at least one of parallel to and con-
centric with the radially outward facing portion group
alignment line, and the transition region filmhole group
alignment line may be coincident with the radially inward
facing portion group alignment line and at least one of
parallel to and concentric with the radially outward facing
portion group alignment line. Alternatively, the transition
region filmhole group alignment line may be coincident
with the radially outward facing portion group alignment
line and at least one of parallel to and concentric with the
radially inward facing portion group alignment line.
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[0009] Additionally or alternatively the airfoil comprises
a stator vane, or alternatively a rotor blade.
[0010] Additionally or alternatively the radially outward
facing portion may comprise filmholes oriented to direct
cooling air leaving the filmholes radially outward of an
engine central longitudinal axis and over a surface of the
airfoil. The radially inward facing portion may comprise
filmholes oriented to direct cooling air leaving the film-
holes radially inward toward the engine central longitu-
dinal axis and over the surface of the airfoil. A transition
region may comprise a first region equidistant from distal
ends of the radially outward facing portion and the radially
inward facing portion. The transition region filmhole
group may be located in the transition region, wherein
the transition region filmhole group comprises filmholes
oriented to direct cooling air leaving the filmholes one of
radially outward or radially inward relative to the engine
central longitudinal axis and over the surface of the airfoil.
[0011] A method of forming an airfoil having an over-
lapping herringbone filmhole pattern in the airfoil is dis-
closed. The method may encompass forming a first ra-
dially outward facing portion having filmholes oriented to
direct cooling air leaving the filmholes radially outward
of an engine central longitudinal axis and over a surface
of the airfoil, forming a first radially inward facing portion
including filmholes oriented to direct cooling air leaving
the filmholes radially inward toward the engine central
longitudinal axis and over the surface of the airfoil, and
forming a first transition region filmhole group. The first
transition region filmhole group may be collinear with at
least one of the first radially outward facing portion and
the first radially inward facing portion. The first transition
region filmhole group may be proximate to the first radially
outward facing portion and the first radially inward facing
portion and centered about the mesial ends of the first
radially outward facing portion and the first radially inward
facing portion. The first transition region filmhole group
may be located in a first transition region, wherein the
first transition region filmhole group has filmholes orient-
ed to direct cooling air leaving the filmholes one of radially
outward or radially inward relative to the engine central
longitudinal axis and over the surface of the airfoil. The
first transition region may include a first region equidistant
from mesial ends of the first radially outward facing por-
tion and the first radially inward facing portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, is best
be obtained by referring to the detailed description and
claims when considered in connection with the drawing
figures, wherein like numerals denote like elements.

FIG. 1 illustrates a cross-sectional view of an exem-
plary gas turbine engine, according to various em-

bodiments;
FIG. 2 illustrates example airfoils including a rotor
and a stator, according to various embodiments;
FIG. 3A illustrates an example airfoil having an over-
lapping herringbone filmhole pattern, according to
various embodiments;
FIG. 3B illustrates an example airfoil having an over-
lapping herringbone filmhole pattern on a leading
edge of the example airfoil, according to various em-
bodiments;
FIG. 3C illustrates an example airfoil having an over-
lapping herringbone filmhole pattern with a transition
region filmhole group proximate to a radially outward
facing portion and a radially inward facing portion
and overlapping the mesial ends of the first radially
outward facing portion and the first radially inward
facing portion, according to various embodiments;
FIG. 3D illustrates an example airfoil having an over-
lapping herringbone filmhole pattern on a leading
edge of the example airfoil with a transition region
filmhole group proximate to a radially outward facing
portion and a radially inward facing portion and over-
lapping the mesial ends of the first radially outward
facing portion and the first radially inward facing por-
tion, according to various embodiments, and an ex-
ample overlapping herringbone filmhole pattern on
a trailing edge of the example airfoil;
FIG. 4A illustrates an example airfoil having an over-
lapping herringbone filmhole pattern according to
FIG. 3A, with emphasis on various group alignment
lines and transition region radial positions, according
to various embodiments;
FIG. 4B illustrates an example airfoil having an over-
lapping herringbone filmhole pattern on a leading
edge of the example airfoil according to FIG. 3B and
with emphasis on various group alignment lines and
transition region radial positions, according to vari-
ous embodiments;
FIG. 4C illustrates an example airfoil having an over-
lapping herringbone filmhole pattern according to
FIG. 3C, with emphasis on various group alignment
lines and transition region radial positions, according
to various embodiments; and
FIG. 4D illustrates an example airfoil having an over-
lapping herringbone filmhole pattern on a leading
edge of the example airfoil according to FIG. 3D and
with emphasis on various group alignment lines and
transition region radial positions, according to vari-
ous embodiments.

DETAILED DESCRIPTION

[0013] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice embodiments of the disclosure, it should

3 4 



EP 3 091 185 A1

4

5

10

15

20

25

30

35

40

45

50

55

be understood that other embodiments may be realized
and that logical changes and adaptations in design and
construction may be made in accordance with this inven-
tion and the teachings herein. Thus, the detailed descrip-
tion herein is presented for purposes of illustration only
and not limitation. The scope of the disclosure is defined
by the appended claims. For example, the steps recited
in any of the method or process descriptions may be ex-
ecuted in any order and are not necessarily limited to the
order presented. Furthermore, any reference to singular
includes plural embodiments, and any reference to more
than one component or step may include a singular em-
bodiment or step. Also, any reference to attached, fixed,
connected or the like may include permanent, removable,
temporary, partial, full and/or any other possible attach-
ment option. Additionally, any reference to without con-
tact (or similar phrases) may also include reduced con-
tact or minimal contact.
[0014] Furthermore, any reference to singular includes
plural embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Surface shading lines may be used throughout
the figures to denote different parts but not necessarily
to denote the same or different materials.
[0015] As used herein, "pressure side" of an airfoil
means the side of the airfoil having a shorter length and/or
proximate to slower moving fluid and/or fluid at higher
pressure as compared to the "suction side" of the airfoil.
"Suction side" of an airfoil means the side of the airfoil
having a longer length and/or proximate to faster moving
fluid and/or fluid at a lower pressure as compared to the
"pressure side" of the airfoil.
[0016] With reference to FIGs. 1 and 2, an exemplary
gas turbine engine 2 is provided. Gas turbine engine 2
is a two-spool turbofan that generally incorporates a fan
section 4, a compressor section 6, a combustor section
8 and a turbine section 10. Alternative engines include,
for example, an augmentor section among other systems
or features. In operation, fan section 4 drives air along a
bypass flow-path B while compressor section 6 drives air
along a core flow-path C for compression and commu-
nication into combustor section 8 then expansion through
turbine section 10. Although depicted as a turbofan gas
turbine engine 2 herein, it should be understood that the
concepts described herein are not limited to use with tur-
bofans as the teachings is applicable to other types of
turbine engines including three-spool architectures.
[0017] Gas turbine engine 2 generally comprises a low
speed spool 12 and a high speed spool 14 mounted for
rotation about an engine central longitudinal axis X-X’
relative to an engine static structure 16 via several bear-
ing systems 18-1, 18-2, and 18-3. It should be understood
that bearing systems is alternatively or additionally pro-
vided at locations, including for example, bearing system
18-1, bearing system 18-2, and bearing system 18-3.
[0018] Low speed spool 12 generally comprises an in-
ner shaft 20 that interconnects a fan 22, a low pressure
compressor section 24, e.g., a first compressor section,

and a low pressure turbine section 26, e.g., a second
turbine section. Inner shaft 20 is connected to fan 22
through a geared architecture 28 that drives the fan 22
at a lower speed than low speed spool 12. Geared archi-
tecture 28 comprises a gear assembly 42 enclosed within
a gear housing 44. Gear assembly 42 couples the inner
shaft 20 to a rotating fan structure. High speed spool 14
comprises an outer shaft 80 that interconnects a high
pressure compressor section 32, e.g., second compres-
sor section, and high pressure turbine section 34, e.g.,
first turbine section. A combustor 36 is located between
high pressure compressor section 32 and high pressure
turbine section 34. A mid-turbine frame 38 of engine static
structure 16 is located generally between high pressure
turbine section 34 and low pressure turbine section 26.
Mid-turbine frame 38 supports one or more bearing sys-
tems 18, such as 18-3, in turbine section 10. Inner shaft
20 and outer shaft 80 is concentric and rotates via bearing
systems 18 about the engine central longitudinal axis X-
X’, which is collinear with their longitudinal axes. As used
herein, a "high pressure" compressor or turbine experi-
ences a higher pressure than a corresponding "low pres-
sure" compressor or turbine.
[0019] The core airflow C is compressed by low pres-
sure compressor section 24 then high pressure compres-
sor section 32, mixed and burned with fuel in combustor
36, then expanded over high pressure turbine section 34
and low pressure turbine section 26. Mid-turbine frame
38 includes airfoils 40, which are in the core airflow path.
Turbines 26, 34 rotationally drive the respective low
speed spool 12 and high speed spool 14 in response to
the expansion.
[0020] Gas turbine engine 2 is, for example, a high-
bypass geared aircraft engine. The bypass ratio of gas
turbine engine 2 is optionally greater than about six (6).
The bypass ratio of gas turbine engine 2 is optionally
greater than ten (10). Geared architecture 28 is an epi-
cyclic gear train, such as a star gear system, e.g., sun
gear in meshing engagement with a plurality of star gears
supported by a carrier and in meshing engagement with
a ring gear, or other gear system. Geared architecture
28 has a gear reduction ratio of greater than about 2.3
and low pressure turbine section 26 has a pressure ratio
that is greater than about 5. The bypass ratio of gas tur-
bine engine 2 is greater than about ten (10:1). The diam-
eter of fan 22 is significantly larger than that of the low
pressure compressor section 24, and the low pressure
turbine section 26 has a pressure ratio that is greater
than about 5:1. Low pressure turbine section 26 pressure
ratio is measured prior to inlet of low pressure turbine
section 26 as related to the pressure at the outlet of low
pressure turbine section 26 prior to an exhaust nozzle.
It should be understood, however, that the above param-
eters are exemplary of a suitable geared architecture en-
gine and that the present disclosure contemplates other
turbine engines including direct drive turbofans.
[0021] The next generation of turbofan engines is de-
signed for higher efficiency, which is associated with
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higher pressure ratios and higher temperatures in the
high speed spool 14 and other engine sections. These
higher operating temperatures and pressure ratios cre-
ate operating environments that cause thermal loads that
are higher than thermal loads conventionally encoun-
tered. Operating conditions in high pressure compressor
section 32 are often approximately 1400 °F (approxi-
mately 760 °C) or more, and operating conditions in com-
bustor 36 are often higher. Moreover, prior filmhole ar-
rangements permit regions of localized temperature ex-
cursions, such as due to regions that are insufficiently
cooled due to the orientation of the filmholes. Various
systems to address these challenges are presented
herein.
[0022] Airfoils may have filmholes arranged in rows
and each row may have at least one filmhole pointing in
a radially outward direction and at least one filmhole
pointing in a radially inward direction relative to the engine
central longitudinal axis. Various regions of the airfoil,
such as the leading edge, rely on the convection in the
filmhole to reduce temperature of the airfoil and/or other
proximate structures; however, multiple rows of filmholes
often transition from groups of filmholes pointing radially
outwardly and groups of filmholes pointing radially in-
wardly at various positions. As such, by intentionally stag-
gering the transition of multiple rows of filmholes from
groups pointing radially outward and groups pointing ra-
dially inward the effectiveness of the convective cooling
proximate to the transitions may be enhanced.
[0023] Stated differently, the present disclosure con-
templates considering filmhole positioning. For instance,
for filmholes arranged in rows ("filmrows"), each filmrow
is divided into groups of filmholes. A first group may be
oriented to direct cooling air leaving the filmhole generally
radially outward relative to the engine central longitudinal
axis over a surface of the airfoil, whereas a second group
may be oriented to direct cooling air leaving the filmhole
generally radially inward relative to the engine central
longitudinal axis and over a surface of the airfoil 100.
Between the first group and the second group of filmholes
in each filmrow, a transition region exists. The transition
region is the space between the first group and the sec-
ond group where the holes transition from pointing out-
ward to pointing inward, resulting in diminished cooling
coming from these two groups of filmholes. For instance,
the transition region is bounded at one end by filmholes
oriented to direct cooling air leaving the filmholes gener-
ally radially outward relative to the engine central longi-
tudinal axis over a surface of the airfoil and at the other
end by filmholes oriented to direct cooling air leaving the
filmholes generally radially inward relative to the engine
central longitudinal axis over a surface of the airfoil. Each
group of filmholes may define a group alignment line that
extends through the center of each filmhole of the group
of filmholes.
[0024] Thus, one may intentionally stagger the second
group of filmholes so that first group alignment line of the
first group of filmholes does not coincide with the second

group alignment line of the second group of filmholes. A
filmrow may include a third group of filmholes, the tran-
sition region filmhole group. In one embodiment, the tran-
sition region filmhole group has a group alignment line
that coincides with the group alignment line of one of the
first group of filmholes and the second group of filmholes.
At least one filmhole of the transition region filmhole
group is positioned inward of an orthogonal line to the
group alignment line that is not coincident with the group
alignment line of the transition region filmhole group, the
orthogonal line coinciding with the center of a filmhole
along the group alignment line that is not coincident with
the group alignment line of the transition region filmhole
group In other words, the transition region filmhole group
contains holes that radially overlap one of the first and
second group of filmholes. The transition region filmhole
group may include filmholes that are radially outward of
the innermost hole of one of the first and second group
of filmholes, and also radially inward of the outermost
hole of the other of the first and second group of filmholes.
In this manner, the transition region filmhole group may
overlap one or both of the first and second group of film-
holes.
[0025] In further embodiments, the second group of
filmholes is collinear with the first group of filmholes so
that first group alignment line of the first group of filmholes
coincides with the second group alignment line of the
second group of filmholes. A filmrow may include a third
group of filmholes, the transition region filmhole group.
The transition region filmhole group has a group align-
ment line that is staggered relative to the group alignment
line of both of the first group of filmholes and the second
group of filmholes. At least one filmhole of the transition
region filmhole group is positioned inward and at least
one filmhole of the transition region filmhole group is po-
sitioned outward of a line coincident with the center of a
transition region and orthogonal to the group alignment
line of the first group of filmholes and/or the second group
of filmholes. As such, the transition region filmhole group
is proximate to the first group of filmholes and the second
group of filmholes and centered about mesial ends of the
first group of filmholes and the second group of filmholes,
resulting in the transition region filmhole group radially
overlapping the first and second filmhole groups. In fur-
ther embodiments, the transition region filmhole group is
overlapping the mesial ends of the first group of filmholes
and the second group of filmholes, but is not centered
about mesial ends of the first group of filmholes and the
second group of filmholes.
[0026] Staggering of the first group of filmholes and
the second group of filmholes of a filmrow and implemen-
tation of a transition region filmhole group aligned with
one of the first group or second group of filmholes tends
to enhance the effectiveness of the cooling proximate to
the transition region of the filmrow by permitting the cool-
ing air flowing from the transition region filmhole group
to convectively cool the transition region and/or provide
additional film to the transition region.
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[0027] Similarly, aligning of the first group of filmholes
and the second group of filmholes, and implementation
of a transition region filmhole group staggered relative to
the first group or second group of filmholes tends to en-
hance the effectiveness of the cooling proximate to the
transition region of the filmrow by permitting the cooling
air flowing from the transition region filmhole group to
convectively cool the transition region and/or provide ad-
ditional film to the transition region.
[0028] With reference to FIGs. 1 and 2, an airfoil 100
of an engine 2 may comprise a rotor blade 70 or a stator
vane 60. While various aspects are described herein with
reference to stator vanes 60, such as overlapping her-
ringbone filmhole pattern 52 (with brief reference to FIGs.
3A-4D), such aspects may be incorporated into rotor
blades 70 in lieu of or in addition to stator vanes 60, as
desired, and may be positioned on the leading edge,
pressure side, and/or suction side of the airfoil 100.
[0029] With reference now to FIGs. 2, 3A-4D, an over-
lapping herringbone filmhole pattern 52 is disclosed. In
various embodiments the overlapping herringbone film-
hole pattern 52 may comprise an arrangement of film-
holes into filmrows 55 configured to cool the airfoil 100.
For instance, the overlapping herringbone filmhole pat-
tern 52 may comprise one or more filmrows 55. The over-
lapping herringbone filmhole pattern 52 may comprise a
first filmrow 55-1, a second filmrow 55-2, a third filmrow
55-3, and a fourth filmrow 55-4 (FIG. 3A). While four film-
rows are depicted in FIGs. 3A, 3C and three filmrows are
depicted in FIGs. 3B, 3D with a fourth filmrow 55-4 dis-
posed near the trailing edge of the airfoil for illustration
purposes, one may appreciate that any number of film-
rows configured to accomplish a desired cooling on a
desired airfoil may be implemented, and any grouping of
filmrows may comprise linear arrangements (such as
filmrows 55-1, 55-2, and 55-3 of FIG. 3D) and may com-
prise arcuate or otherwise non-linear arrangements
(such as filmrow 55-4 of FIG. 3D).
[0030] Each filmrow 55-1, 55-2, 55-3, 55-4 may com-
prise a radially outward facing portion 90 (e.g., "first group
of filmholes") and a radially inward facing portion 92 (e.g.,
"second group of filmholes"). For instance, the filmholes
of each filmrow may be arranged into a row with filmholes
oriented to direct cooling air from a channel inside the
airfoil through and out of the surface of the airfoil. Relative
to the engine central longitudinal axis (e.g., geometric
center of a cross-sectional plane of the engine 2 bisecting
the stator vane 60), the radially outward facing portion
90 may comprise filmholes oriented to direct cooling air
generally radially outward from the engine central longi-
tudinal axis. Similarly, the radially inward facing portion
92 may comprise filmholes oriented to direct cooling air
generally radially inward toward the engine central lon-
gitudinal axis. Furthermore, each filmrow 55-1, 55-2,
55-3, and 55-4 may further comprise a transition region
filmhole group 95 (e.g., "third group of filmholes") made
up of filmholes that overlap at least one of the first and
second group of holes. The transition region filmhole

group 95 may be arranged into a row with filmholes ori-
ented to direct cooling air from a channel inside the airfoil
through and out of the surface of the airfoil generally to-
ward the corresponding transition region 110-1, 110-2,
110-3, or 110-4. As used herein, a row may comprise a
linear arrangement. In further embodiments, as used
herein, a row may comprise an arcuate arrangement, or
a compound curve, or any non-linear arrangement as
desired.
[0031] Because each filmrow 55-1, 55-2, 55-3, 55-4
may comprise a radially outward facing portion 90 and a
radially inward facing portion 92 and a transition region
filmhole group 95, the first filmrow 55-1 may comprise a
first radially outward facing portion 90-1 and a first radially
inward facing portion 92-1 and a first transition region
filmhole group 95-1, the second filmrow 55-2 may com-
prise a second radially outward facing portion 90-2 and
a second radially inward facing portion 92-2 and a second
transition region filmhole group 95-2, the third filmrow
55-3 may comprise a third radially outward facing portion
90-3 and a third radially inward facing portion 92-3 and
a third transition region filmhole group 95-3, and the
fourth filmrow 55-4 may comprise a fourth radially out-
ward facing portion 90-4 and a fourth radially inward fac-
ing portion 92-4 and a fourth transition region filmhole
group 95-4.
[0032] Each filmrow 55-1, 55-2, 55-2, 55-4 may further
comprise a transition region. For example, first filmrow
55-1 may comprise a first transition region 110-1, second
filmrow 55-2 may comprise a second transition region
110-2, third filmrow 55-3 may comprise a third transition
region 110-3 and forth filmrow 55-4 may comprise a
fourth transition region 110-4. A transition region may
comprise a region at least one of radially equidistant from
distal ends and radially centered relative to mesial ends
of a radially outward facing portion of a filmrow and a
radially inward facing portion of the same filmrow and
having the transition region filmhole group of the filmrow
disposed therein. A transition region may comprise a re-
gion radially overlapping a portion of one or more of the
radially outward facing portion and radially inward facing
portion of a filmrow and having the transition region film-
hole group of the filmrow disposed therein. For instance,
first transition region 110-1 may be a region at least one
of radially equidistant from distal ends and radially cen-
tered relative to mesial ends of first radially inward facing
portion 92-1 and first radially outward facing portion 90-1
of the first filmrow 55-1 and/or radially overlapping a por-
tion of first radially inward facing portion 92-1 and/or first
radially outward facing portion 90-1. Second transition
region 110-2 may be a region at least one of radially
equidistant from distal ends and radially centered relative
to mesial ends of second radially inward facing portion
92-2 and second radially outward facing portion 90-2 of
the second filmrow 55-2 and/or radially overlapping a por-
tion of second radially inward facing portion 92-2 and/or
second radially outward facing portion 90-2. Third tran-
sition region 110-3 may be a region at least one of radially
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equidistant from distal ends and radially centered relative
to mesial ends of third radially inward facing portion 92-3
and third radially outward facing portion 90-3 of the third
filmrow 55-3 and/or radially overlapping a portion of third
radially inward facing portion 92-3 and/or third radially
outward facing portion 90-3. Fourth transition region
110-4 may be a region at least one of radially equidistant
from distal ends and radially centered relative to mesial
ends of fourth radially inward facing portion 92-4 and
fourth radially outward facing portion 90-4 of the fourth
filmrow 55-4 and/or radially overlapping a portion of
fourth radially inward facing portion 92-4 and/or fourth
radially outward facing portion 90-4.
[0033] With continued reference to both FIGs. 3A-D
and 4A-D, each filmrow may comprise a transition region
radial position. For example, first filmrow 55-1 may com-
prise a first transition region radial position 120-1, second
filmrow 55-2 may comprise a second transition region
radial position 120-2, third filmrow 55-3 may comprise a
third transition region radial position 120-3 and fourth
filmrow 55-4 may comprise a fourth transition region ra-
dial position 120-4. A transition region radial position may
comprise the radial distance of the center of the corre-
sponding transition region from the engine central longi-
tudinal axis. Different transition regions may have differ-
ent transition region radial positions, or may have the
same transition region radial position. In various embod-
iments, a transition region radial position may comprise
an arcuate alignment line, such as may have a point of
inflection at the center of the transition region.
[0034] With reference to FIGs. 3A-D and 4A-D, each
radially outward facing portion 90-1, 90-2, 90-3, 90-4 may
have a corresponding radially outward facing portion
group alignment line 130-1, 130-2, 130-3, 130-4 that is
defined through the center of each filmhole of the radially
outward facing portion 90-1, 90-2, 90-3, 90-4. Moreover,
each radially inward facing portion 92-1, 92-2, 92-3, 92-4
may have a corresponding radially inward facing portion
group alignment line 140-1, 140-2, 140-3, 140-4 that is
defined through the center of each filmhole of the radially
inward facing portion 92-1, 92-2, 92-3, 92-4. The radially
outward facing portion group alignment line 130-1, 130-2,
130-3, 130-4 and the radially inward facing portion group
alignment line 140-1, 140-2, 140-3, 140-4 of a filmrow
55-1, 55-2, 55-3, 55-4, may comprise parallel lines ex-
tending radially outward relative to the engine central lon-
gitudinal axis, or may comprise coincident lines extend-
ing radially outward relative to the engine central longi-
tudinal axis, or may comprise any orientation as desired.
In various embodiments, a group alignment line may
comprise an arcuate alignment line, such as may have
a point of inflection at the center of the associated radially
outward facing portion or radially inward facing portion,
or may have a point of inflection outside the associated
radially outward facing portion or radially inward facing
portion, or may have no point of inflection. Each transition
region filmhole group 95-1, 95-2, 95-3, 95-4 may also
have a transition region portion group alignment line

150-1, 150-2, 150-3, 150-4 that is defined through the
center of each filmhole of the transition region filmhole
group 95-1, 95-2, 95-3, 95-4. The transition region portion
group alignment line 150-1, 150-2, 150-3, 150-4 may ex-
tend generally radially outward relative to the engine cen-
tral longitudinal axis. The transition region portion group
alignment line may comprise a linear line, or an arcuate
line, or any orientation as desired. In various embodi-
ments, the transition region portion group alignment line
may have a point of inflection at the center of the asso-
ciated transition region, or may have a point of inflection
outside the associated transition region, or may have no
point of inflection. The radially outward facing portion
90-1, 90-2, 90-3, 90-4 may be offset relative to the cor-
responding radially inward facing portion 92-1, 92-2,
92-3, 92-4 of the same filmrow 55-1, 55-2, 55-3, 55-4. In
such embodiments, the transition region portion group
alignment line 150-1, 150-2, 150-3, 150-4 may coincide
with one, but not both, of the radially inward facing portion
group alignment line 140-1, 140-2, 140-3, 140-4 and ra-
dially outward facing portion group alignment line 130-1,
130-2, 130-3, 130-4. In this manner, each transition re-
gion filmhole group 95-1, 95-2, 95-3, and 95-4 of a filmrow
55-1, 55-2, 55-3, 55-4 may comprise filmholes disposed
radially outward of the radially innermost filmhole of one
of the corresponding radially inward facing portion 92-1,
92-2, 92-3, 92-4 or may comprise filmholes disposed ra-
dially inward of the radially outermost filmhole of the ra-
dially outward facing portion 90-1, 90-2, 90-3, 90-4 of
each filmrow 55-1, 55-2, 55-3, 55-4, resulting in the tran-
sition region filmholes radially overlapping at least one
of the first and second group of holes.
[0035] In further embodiments, the radially outward
facing portion 90-1, 90-2, 90-3, 90-4 is collinear relative
to the corresponding radially inward facing portion 92-1,
92-2, 92-3, 92-4 of the same filmrow 55-1, 55-2, 55-3,
55-4. In such embodiments, the transition region portion
group alignment line 150-1, 150-2, 150-3, 150-4 may be
offset relative to both of the radially inward facing portion
group alignment line 140-1, 140-2, 140-3, 140-4 and ra-
dially outward facing portion group alignment line 130-1,
130-2, 130-3, 130-4. In this manner, each transition re-
gion filmhole group 95-1, 95-2, 95-3, and 95-4 of a filmrow
55-1, 55-2, 55-3, 55-4 may comprise filmholes disposed
overlapping the mesial ends of the corresponding radially
inward facing portion 92-1, 92-2, 92-3, 92-4 and the ra-
dially outward facing portion 90-1, 90-2, 90-3, 90-4 of
each filmrow 55-1, 55-2, 55-3, 55-4, resulting in the tran-
sition region filmholes radially overlapping both the first
and second group of holes.
[0036] In various embodiments, each radially outward
facing portion 90-1, 90-2, 90-3, 90-4, is disposed radially
inward of each corresponding radially inward facing por-
tion 92-1, 92-2, 92-3, 92-4. However, in various embod-
iments, each radially outward facing portion may be dis-
posed radially outward of each corresponding radially
inward facing portion. In various embodiments, the radi-
ally outward facing portion may be disposed radially out-
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ward of a corresponding radially inward facing portion of
one adjacent filmrow, and radially inward of another ad-
jacent filmrow. Each transition region filmhole group
95-1, 95-2, 95-3, and 95-4 may be disposed in the tran-
sition region 110-1, 110-2, 110-3, 110-4 of the corre-
sponding filmrow. Thus, various arrangements are con-
templated as desired to facilitate substantially adequate
convective and film cooling of the airfoil.
[0037] With reference to FIGs. 1-4D, having discussed
aspects of an airfoil 100 such as a stator vane 60 and a
rotor blade 70, an airfoil 100 may be made of various
materials. For instance, an airfoil 100 may be made of a
single material, or different materials, or combinations of
materials. For example, components of the system are
made from metal. For example, aspects of an airfoil 100
are metal, such as nickel, cobalt, molybdenum, titanium,
aluminum, steel, or stainless steel, though it alternatively
comprises numerous other materials configured to pro-
vide support. Components of the system are optionally
made from other materials such as, for example, com-
posite, ceramic, plastics, polymers, alloys, glass, binder,
epoxy, polyester, acrylic, or any material or combination
of materials having desired material properties, such as
heat tolerance, strength, stiffness, or weight. Portions of
an airfoil 100 as disclosed herein are optionally made of
different materials or combinations of materials, and/or
comprise coatings. Moreover, components of the airfoil
100 are in some instances mixtures of different materials
according to different ratios, gradients, and the like.
[0038] An airfoil 100 thus has multiple materials, or any
material configuration suitable to enhance or reinforce
the resiliency and/or support of the system when sub-
jected to wear in an aircraft operating environment or to
satisfy other desired electromagnetic, chemical, physi-
cal, or material properties, for example coefficient of ther-
mal expansion, ductility, weight, flexibility, strength, or
heat tolerance.
[0039] One such material is an austenitic nickel-chro-
mium-based alloy such as Inconel®, which is available
from Special Metals Corporation of New Hartford, New
York, USA. Other such material includes ceramic matrix
composite (CMC). Further material includes refractory
metal, for example, an alloy of titanium, such as, titanium-
zirconium-molybdenum (TZM).
[0040] Various benefits and advantages have been de-
scribed herein with regard to specific embodiments. Fur-
thermore, the connecting lines shown in the various fig-
ures contained herein are intended to represent exem-
plary functional relationships and/or physical couplings
between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present in a practical sys-
tem. However, the benefits, advantages, and any ele-
ments that may cause any benefit or advantage to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in

which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C.
[0041] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof will become
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, the following description and drawings are in-
tended to be exemplary in nature and non-limiting.
[0042] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"various embodiments", "one embodiment", "an embod-
iment", "an example embodiment", etc., indicate that the
embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not nec-
essarily referring to the same embodiment. Further, when
a particular feature, structure, or characteristic is de-
scribed in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connec-
tion with other embodiments whether or not explicitly de-
scribed. After reading the description, it will be apparent
to one skilled in the relevant art(s) how to implement the
disclosure in alternative embodiments.

Claims

1. An airfoil (100) comprising an overlapping herring-
bone filmhole pattern (52), wherein the overlapping
herringbone filmhole pattern (52) comprises a first
filmrow (55-1) comprising:

a first radially outward facing portion (90-1) com-
prising filmholes oriented to direct cooling air
leaving the filmholes radially outward of an en-
gine central longitudinal axis (X-X’) and over a
surface of the airfoil (100);
a first radially inward facing portion (92-1) com-
prising filmholes oriented to direct cooling air
leaving the filmholes radially inward toward the
engine central longitudinal axis (X-X’) and over
the surface of the airfoil (100);
a first transition region (110-1) comprising a first
region at least one of equidistant from distal
ends, centered relative to mesial ends, or radi-
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ally overlapping the mesial ends of the first ra-
dially outward facing portion (90-1) and the first
radially inward facing portion (92-1); and
a first transition region filmhole group (95-1) lo-
cated in the first transition region (110-1), where-
in the first transition region filmhole group (95-1)
comprises filmholes oriented to direct cooling air
leaving the filmholes at least one of radially out-
ward or radially inward relative to the engine
central longitudinal axis (X-X’) and over the sur-
face of the airfoil (100).

2. The airfoil according to claim 1, wherein the first tran-
sition region filmhole group (95-1) is collinear with
the first radially outward facing portion (90-1).

3. The airfoil according to claim 1 or 2, wherein the first
transition region filmhole group (95-1) is collinear
with the first radially inward facing portion (92-1).

4. The airfoil according to claim 1, wherein the first tran-
sition region (110-1) comprises the first region equi-
distant from distal ends of the first radially outward
facing portion (90-1) and the first radially inward fac-
ing portion (92-1); and

the first transition region filmhole group (95-1)
is collinear with at least one of the first radially
outward facing portion (90-1) and the first radi-
ally inward facing portion (92-1) and located in
the first transition region (110), wherein the first
transition region filmhole group (95-1) compris-
es filmholes oriented to direct cooling air leaving
the filmholes one of radially outward or radially
inward relative to the engine central longitudinal
axis (X-X’) and over the surface of the airfoil
(100).

5. The airfoil according to any preceding claim,

wherein a first radially outward facing portion
group alignment line (130-1) is defined through
a center of each filmhole of the first radially out-
ward facing portion (90-1),
wherein a first radially inward facing portion
group alignment line (140-1) is defined through
a center of each filmhole of the first radially in-
ward facing portion (92-1),
wherein a first transition region filmhole group
alignment line (150-1) is defined through a cent-
er of each filmhole of the first transition region
filmhole group (95-1),
wherein the first radially inward facing portion
group alignment line (140-1) is at least one of
parallel to and concentric to the first radially out-
ward facing portion group alignment line
(130-1), and
wherein the first transition region filmhole group

alignment line (150-1) is coincident with the first
radially inward facing portion group alignment
line (140-1) and is at least one of parallel to and
concentric with the first radially outward facing
portion group alignment line (130-1).

6. The airfoil according to any of claims 1 to 4,

wherein a first radially outward facing portion
group alignment line (130-1) is defined through
a center of each filmhole of the first radially out-
ward facing portion (90-1),
wherein a first radially inward facing portion
group alignment line (140-1) is defined through
a center of each filmhole of the first radially in-
ward facing portion (92-1),
wherein a first transition region filmhole group
alignment line (150-1) is defined through a cent-
er of each filmhole of the first transition region
filmhole group (95-1),
wherein the first radially inward facing portion
group alignment line (140-1) is at least one of
parallel to and concentric with the first radially
outward facing portion group alignment line
(130-1), and
wherein the first transition region filmhole group
alignment line (150-1) is coincident with the first
radially outward facing portion group alignment
line (130-1) and is at least one of parallel to and
concentric with the first radially inward facing
portion group alignment line (140-1).

7. The airfoil according to any preceding claim, wherein
the first radially outward facing portion (90-1) is stag-
gered relative to the first radially inward facing por-
tion (92-1).

8. The airfoil according to any preceding claim, wherein
the airfoil (100) comprises a stator vane (60).

9. The airfoil according to any of claims 1 to 7, wherein
the airfoil (100) comprises a rotor blade (70).

10. The airfoil of any preceding claim, wherein the over-
lapping herringbone filmhole pattern (52) comprises
a plurality of filmrows (55).

11. A method of forming an airfoil (100) having an over-
lapping herringbone filmhole pattern (52) in the airfoil
(100) comprising:

forming a first radially outward facing portion
(90-1) comprising filmholes oriented to direct
cooling air leaving the filmholes radially outward
of an engine central longitudinal axis (X-X’) and
over a surface of the airfoil (100);
forming a first radially inward facing portion
(92-1) comprising filmholes oriented to direct
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cooling air leaving the filmholes radially inward
toward the engine central longitudinal axis (X-
X’) and over the surface of the airfoil (100); and
forming a first transition region filmhole group
(95-1) located in a first transition region (110-1),
wherein the first transition region filmhole group
(95-1) comprises filmholes oriented to direct
cooling air leaving the filmholes at least one of
radially outward or radially inward relative to the
engine central longitudinal axis (X-X’) and over
the surface of the airfoil (100).

12. The method according to claim 11,

wherein the first transition region filmhole group
(95-1) is collinear with at least one of the first
radially outward facing portion (90-1) and the
first radially inward facing portion (92-1), and
wherein the first transition region (110-1) com-
prises a first region at least one of equidistant
from distal ends, centered relative to mesial
ends, or radially overlapping the mesial ends of
the first radially outward facing portion (90-1)
and the first radially inward facing portion (92-1).

13. The method according to claim 11, wherein the first
transition region filmhole group (95-1) is collinear
with at least one of: the first radially outward facing
portion (90-1) and the first radially inward facing por-
tion (92-1).

14. The method according to claim 11, 12 or 13,

wherein a first radially outward facing portion
group alignment line (130-1) is defined through
a center of each filmhole of the first radially out-
ward facing portion (90-1),
wherein a first radially inward facing portion
group alignment line (140-1) is defined through
a center of each filmhole of the first radially in-
ward facing portion (92-1),
wherein a first transition region filmhole group
alignment line (150-1) is defined through a cent-
er of each filmhole of the first transition region
filmhole group (95-1),
wherein the first radially inward facing portion
group alignment line (140-1) is at least one of
parallel to and concentric with the first radially
outward facing portion group alignment line
(130-1), and
wherein the first transition region filmhole group
alignment line (150-1) is coincident with the first
radially inward facing portion group alignment
line (140-1) and is at least one of parallel to and
concentric with the first radially outward facing
portion group alignment line (130-1).

15. The method according to claim 11, 12 or 13,

wherein a first radially outward facing portion
group alignment line (130-1) is defined through
a center of each filmhole of the first radially out-
ward facing portion (90-1),
wherein a first radially inward facing portion
group alignment line (140-1) is defined through
a center of each filmhole of the first radially in-
ward facing portion (92-1),
wherein a first transition region filmhole group
alignment line (150-1) is defined through a cent-
er of each filmhole of the first transition region
filmhole group (95-1),
wherein the first radially inward facing portion
group alignment line (140-1) is at least one of
parallel to and concentric with the first radially
outward facing portion group alignment line
(130-1), and
wherein the first transition region filmhole group
alignment line (150-1) is coincident with the first
radially outward facing portion group alignment
line (130-1) and is at least one of parallel to and
concentric with the first radially inward facing
portion group alignment line (140-1).
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